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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a method for growing a nitride 
semiconductor for further improving life characteristics and yields in mass 
production to further improve reliability when putting an element into 
practical applications by forming device structure on a substrate made of a 
nitride semiconductor, and to provide a nitride semiconductor element 
with 

improved element characteristics such as life characteristics with a nitride 
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semiconductor obtained by a method for growing the nitride semiconductor 
as a 

substrate. 

SOLUTION: A buffer layer 3 shown by AlbGa1-bN (0≤b≤1) is formed 
on a 

nitride semiconductor substrate 1, a first nitride semiconductor layer 
shown by 

AleGa1-eN (0≤e<1) is formed on it, and then a second nitride 
semiconductor 

layer 5 is grown by a method for reducing dislocation by utilizing the lateral 
growth of the nitride semiconductor. 
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i: LT«. SJS 1 OXgfc J: 0 . ^Wm\mSL 1 ± 
fc. A 1 bGai-bN (Ogb^l ) frbt£hmm3Z 
J&f&L. -eoitCA UGai-eN (0ge<l ) 
il&mi<0^!fi!)^«ca4^figLT. g^!fij^«c 

ms. i o£&<mx.'$>w&%$km : £y * w-zmia l 
fz®. m.itmmt^(omjj^(n^immLxm2<7)m 

tt.W¥m&m5t:l8.M : 2-£?>Zblz£*) miff>TMco 

elogm) , m&omiz&mznzMtzmw^y 

40 *Oi/*-*«Btf^2 OHflffltfWM. 5 ^#1. i fc*f 
[ 0 0 3 2 ] ^ iT. S^ifi^i^lS 1 CDMX-bK. 

mtwrnm hvp e^-c«js tjfcg? -frSjasr. 
{«ii.»f-a5^<^s B B H *iia ens «t a tiayiLfc o lt. 

tevmbZhii&m. $n , Bi)m«iz?tixfS.mz>zb 
so ocvD%XT&&2itK®)^com{tmmmmm. 
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i^oiatcig^s^ffisg^Mt^^o^-^ TfcL 0Ulfjyf^fcff*L<<i8oor*ifr-2OO 

tfc**ELOG|«£KJ:oT*3WfcDm2<Dgfc^ *C, J: Off* L<Ji7 0 0X>-3 0 0W)iajgtfW t> 

®#m5Zjm2ik&(DT\tt:<. ±MOA UGai-. ^*^&^-Cj££3-li:&fc. Jg H H H <DS*&tf 

N ( OSa^l ) T^SftS lflm±OS^!|*»^* »7*Dy-(^^y-b/|,i: > SW»££tf>ISi&tt*> 

JB. ff*L<«A lbGai-bN (O^bgl ) TmZtl W}<0fiXl&&L^. *fc. ±M<?mmMmm 3 b 
SISWfl3fcA 1 e Gai- e N ( 0=Se< 1 ) T^Ztlh 10 <?>&mg.t LTtt. X^4f^+;l-^*^liE^jaS 

si^b«»^«:Ji4 fc* . si^t. m2comm tj>o. Hftwttf* l<«8 o ox:~i 2 0 01c. * 

¥&fM 5 SrjfcgS-frS £ fc T. »SW=S*#«ftt<0|6| Off* L< *i9 0 0t>- 115 OTWSgaWtft 

[0033] ttc. wr<7)mixn<r>w i m<mT. m it7tD^ty*/P!: . temrmtiw&m 

lcOXgcOAHGaj-bN (OgbSl ) Xn&ilhWi £L\\ 

»H3*JttKU -e^±fcAl.Gai- e N (0=£e< [ 0 0 3 7 ] ±!Blg»«3<0&J? fc LTte. IffcKSS 

i ) x-^ixh&i<nmmi i mtom4*m&i.Lx%m ivstw, »* L<«i5o~i oooo^y^hn- 

*&mzithmt:mi<r)xn<rmi.ntL. *<o@m a, j:0ff*L<tti 50-50 oo^/xbn-A 

ft® 5 £jfc£3-tf£KP§£® 1 tDIgO&Ig <m 1 <0 20 &fti@ 3bcoo %<ryytc< til # 

ELOGjfcg) t-thn&whh. mvm<7)'£mi i ±Msmm3<?>m-t%&£d£%m 

[0034] OTfc. AHGai-bN (O^b^l)T SfVCVtfUfJU. fi3jfcgtf>Jl3 a&tmSj££0« 

*3ft*|g»S3fc:ovvcStHH-tS. *fSBJHc*iVvc. 3 b£jfcgStfSli!tf)]g«fc LTIi, ^fccoJf^l&I** 

A UGai-bN (O^bgl ) T*ZtlZmm3it. ±SS^X'&tlttt'0)£o%mX.£h1t<?>mmX*i>£^ 

&<7>?rtyyTmcr>£d%m££iiix\^b%i.t>ti n&.w&o&frttjs.&z-t&mwx *)&mzmmt&m 

S. Z<r)£o%m3&tfL&Z-£?>t. &8&<7>®m.V Whtch X diz^SMm. §mztii>. mtiiffiSLfSM 

&il&W*<nmi<?>&Xl&£L<.&£WS%&m<?rt: *£fDS3a<0KfffcLT{J. 10~2000*>-^h 

7*Oi/-SrigflrC#ff£U>. AlbGai-bNT*$ O-A. ff * L<\il 0 0~2 0 0 O^y^XhP-A 
*i£*g»Jl3tt. HB^^£ii£«j£a^$rS^$:< 30 TJ>0. ZcnXo tcm»X'h 1 1 tefatt^^O^fff 

t i> i aia±<oar»ixtf j: < . wkomzf&mitx * u>. **. smm3 b^sgst lt«. 5 

i><k^. £ttW£ff*L^A lbGai-bNT*$n^« 0-10 0 00*^X1*0-2^ ff*L<JilOO~ 

»B3fcLTtt. flxtf. ffi^gS-TC&SffliSjfcJI 70 0 0*:x? r xho--AT*>0. -lOid&liHrcfc 

«»JB 3 a2WXK^|£^&&jS£jfcJ||£faJl 3 b & fclSStt^fi^O^iT-ff * U\ 

cooiicryj?%<ti>imt:&%ii#x%&mt> t mft>ti [0038] **. *mitzts^x. mm3it. 

[00 3 5]fiSj£«lI«3atLT«. AhGa ^lW^t!fi»¥#ft«4^A 1 5-^fl.^A 

i-bN (osbsi) T^$iii.gfl:!fetf i gftTJ>Mf Jtw/h$v^^t??j^ftt-ri,it*5, te B H B oM^&tf 

J: < . ff* l< j±a i mw.cr&K^mm&mi*. s mm±y * o ^-aymm^m t 

tcff * L < HA 1 ^#*^V^!fi»^«o!pW^>a 40 [0039] &{::*g»Jf Jl 3±(=«fiS«IB 1 Ogfl: 

x y&v-th&xft t l < . a i ®mtt&%\^k nmctoemwmA t lt«, ^ 1 nxunmmxitf 

iOff*Li-\ Si3s£gSM3bt LT«. AUG *>nSELOG^*«SfftffxSJ:d*ffl^^bi8J 

ai-bN (OSbgl) -C^$aS^!B»^«cTS>ti ^«rCS)WfJ:<. ftftWWi. Al e Gai- e N (0 

\f&<. ff*u< ua i ttGztixK&mwwmt* < e < 1 > -c^s/i-sgftiB^ft^^tf /j>ii. » * l 

T'AO. iOff*L<JiAl N^^I,Sfl:!|*^ftAJ < Jii^l® 3 1 m^hitxm^^m^ii A 1 

m?t>tl&. aajS«^H3b«. MAC^ftRim ^V^«J^«£*«*ff^fl. «WB3$-«J«L^b^ 

B B Btt^@®<0/rcff* L< % A 1 NT'i>Sfc J: Off* L -&WJA 1 iffljftttcO^^V^ (ff* L<imm O^e ^ 

V^. ^<0*o^»S3aftt/Ji9til3b<^^<tt, 0. 3) WS^iBJ^ft^W^S. ±iBOj:3^ffl 

ist. si<ogfl:!8j^fte4i:5rffl^i>«-sfc, 50 fRcomnmwmmmAm&zitht. &$jm 



1 5 

®m%$ti%\,w. mummnzuo. 2-5 ou 

m*W£L<. iO»*L<«40. 5-20jumT* 
0. $4>tdJ*L<ti0. 5~1 O/imT&S. »1« 

[oo4i]^i K>m-m*®m4 <^^ms^.t ix 
irf. fl*i.tfff£L<tt8 0 0T;~i 200x3. xm 

£ L < 11 9 0 Ot2~ 1 1 5 0 , CSgcoaS*W^.il 
£ . Z\V> J: 3 ^SSTBit^^^S t ^att<0iS#^^-C 

[0042] imvmmswmivmfcmmm 

$itS^2<ogfl:!|*^ft« 5^#fce<a<7>ffi83*. 
[ 0 0 4 3 ] mz. m 1 <oxs«oiuie-cjRft?-fr7t^ 

i<9SM*tfM£ftJl4±fc:. m^lgo&igmtr 

LTIg 2 <7>g-fM*#SftJi 5£ELOG 

too44] mi toistfcv^r. &2(r?mmmto 

M5 £ f&MZ-thm 1 OlfgOE LOGj&Hi: LTJi. 

ce» L^i£{a«ift^a*i6]fcffls Lt= < < s:i>«ifi]# 
s. 

[ 0 0 4 5 ] 35 1 LOGjftgi: LT»±. ft* 

«i*ELOGifieSrlftJBv^fcJ:<, ££*aiKA 
MMLfcMitnMPFl 0-7724 5. Pi 0-2 
7582 6. Hi 0-11937 7. Hi 0-1328 
31. HI 1-3782 7. Hi 1-37826. Hi 
0-146431. HI 1-16807 9. HI 1-2 
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1 6 

1812 2#foWMra*3MS*i.Tl>* E LOGfifc 
j£JHi. JHBHRJb«)lcaafLfcJlTtf«iTV»*«)fc: 

*tu *^^i<7)is<oELOG^i. mmnm 
PWfcfr3£fc**r&4. *lt. *^B<omi<ois 

figJSX«D3fl^j£^. $amX¥A l.Ga 
i-.N ( 0Sa=S 1 ) T5&ft.& lJR£LhOSfl3RMI ! 3l 

watt* ff*L<tt»i«aflai^i*iB4±icrf*> 

10 tl&. 

[0046] *m*0ttt 1 tf>IS<DE L O Gft£o8 ■£ 

SUlOtRtHSl 1*JB»*«&. Xte. mioSftfe 
*NWW4fcm^fll3*#*l,Ttrdm 
v*» 1 0>OttllNHI^4 ^ff H^fcOfl^ 

^>tiS. £<0«kdfcSll<7)tS5SlSl 1^1^)113013 
*»*U *£v%{jas#ttfc:aflU ,r<DJBj£ffitc3B2 

20 <mm^mm5i^m-tht.m2<om{tmm 
tm5<om£fe<?>^~rtiix?)fmx-. m{tmmm> 
mxawtfL&izttLx . ^^#«c^ewriftiojs^ 

#I*MWtU HVia^|6Jfc:3iffLfc:<<^0. *«8 
£ftO^$it*m2^gMJ^f^5£m,£ 

[0047] £OJ:dfcLTf»£*l*S20^1l#» 

W%^«fiffiJSfc:WL-C. OS 1/1 OOJXFHftfe 
30 #*U*fefr?tt, §!2*>Mfl:?!»¥#ftJl5<0 

1 ±&Xiim 1 WDflfl 1 3 ?)[H]£&±SS#. ^tOffi^ai^ 

0. afflTEM^V-H^*^«yt>A (CL) ^t* 

3 t=»20SflSW»«d 5 <0¥%0«filL«f«!6f«iH- 
*Uf. S2<0g^!U»^ffra5±fc^?-li:S^^^ 

40 smh= . y y ism&x h?4 rzmm-h t . 
ttmmm 5 nm&vGmmts m 1 nxmxn *> 

ft6ELOGj£j^S&fc:kJ:&#. ^%mmL®&k 
LXM 1 x 1 0 5 jH/cm3jaT. »4 Lv^feff-Clil x 
10Wcm3JaT. iOff^Lv^frTJilxio 3 
fla/cmajJlTk^S. 4^. mi^lSSl 1±»> 

efi^s. avsgioiaiai 3cr)iaa5±a5<oefiji. »j 

^1 OIHlfl 1 3<OGa5±Sl<*>£&®g(i. 1 x 1 O'ffl 
50 /c m3JaT. m LV^frTJi 1 x 1 0«ffl/c m 3ja 
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T\ J 9#£ L»£#TOil x 1 OSffl/cmaJilTfc^ -7Ztl&. ZCTf^vWffimt niWKMtO 

[0048] jaTtELOGfig^mi^fRSlSl 1$- ¥#tt)f 5fcnB&£»j£?-S*§&fc»;L nS^fiflj^ 

fflV^Ttft)itS^-t. ^l<0!Hfll3^KLTl?i3 Y-Tth^ nW^Wfafe. pSPFJCfeJ: O^tfXC Y—7 

fcwmmm. 1 -as 1 <og^«»^*S4 . mm2 i . 

^kfi^«c«5fc*^l»x>^X^3i^jat-rs [005 0] ^2<0^k!Rj^«c«5<7))gJ?t LTJi. 

^W«5W»fSiffi0Ti>&01 (a)~ (d) £fflwc 1«clH£S*i«rv\& t . L<ti5^m~5 0^m"CJ> 
SfetSWCaW*-*. HI (a)-(c)liil<^ 10 0. J:0#iL<«lO^m~3 5jumTJ>S. m2<D 

hbs 1 1 zm^xifdBB-ch o.hi ( d ) am 1 o ^tnj^fta soiSff^jMHTAs t , sg 1 

& i i im^mmx. ooatMt i^oGsuauuf ma 1 3 *• asts? <r t #-c£ . m 1 <n&i&#m# 

/xiimtmzmmm&thm&tfbztf. z.<r> m4<r&m<mmz&x^%2<nmmm\m5<rm. 

m4±{zmi<Q&wmi 1 *f«u ^c^mms±.^m mama 1 3<DGo&±&Ktt»jfc^i!K&#m£ft£ 

s>i. 01 (b) is. m^matemikmAkmci* [0051101 u)~( C ) ommmski 10 
mat. z<m&&&AV&®±m&\<nomm\ 1 20 *mtLTtt. asioftani nmtzg.tt.wmm 1 

*tf^«*«WWBRiiHT**. 01 (c)llll *L<, H£tfiM:*4*<SiOi) . Mfltfr-f* 

«^1W9WM4fclHQ*j(«U £4>dHUJHM> ( S i « Nv ) , mtiLl-?> (T i Ox ) . iwt^a- 

*«1 OftSBl 1 «L> C:<0»j£fflJ:fc:Si2<0g W(ZrO«) «ttiMUlL OMIk £t:ttit>cr>% 

ASIM^WM5tjW8«*««^BnBarJb*. JfMOfliL 1 2 0 0TU^*«*:fr«AliW*H^ 

01 ( d ) li» » l <9Mfc!8j¥&ttJl4 fcS 1 «0Dflfl 1 S ZttfTZ £ . £ft6<9«iHR*ffltt. flMBM¥*Hc 

3 *£ftU £OJgJ«ffi±fcS2^gfc!H!#gft:Ji 5 Sr 4>ftJtiBK6 0 0*C~ 1 1 0 orofigfciWi., 

*ft»^**«*WKBiiT** .01(d) xii. miz%fcmmm t is.%L%^i)\ fs.%uz< 

[0 04 9] JJBELOGjfcKfcJ:9#£>*l*Sfl2<0g 30 0f*.lflG*. X***, C VD3^§vffll{Jgj$ 

< «g a N*&&&flwiiNHfH??&* . m2comm [ o o 5 2 ] ai\ 01 (a) n^<m 1 otftaia 1 

¥mft®5u. ry*-'rx'i>^m>iv-7Ztixi> immm*ffimiz'i^xMmz>. mimmm 

i\\ TVF-T?** fcfe&ttOjSTffsfclX. 1 l£m<9SMt»¥#fWf4±fc&}W (SiKW) t 

ELOGjS^OlgfcpM^fe (Be. Zn, Mn. C JBfttSfett. 7* hi) V^97 ^-SffiSrfflV^T. m 

r&tfMg) . atfnffi*K»(Si. GeSl/Sn) ^mm^thy it WX9*imL. *<r>y* 

w^-m*»iseLh. ff£L<«ps*ttfij<o4«5r< t z?iftix. tmttm$imm?z>zt££ <o. m 

fciaat. J:Off*L<»ipS^fi!ftco^^<i:tl ^co^^^Slg 1 ^S^JS 1 li&)g)£T^S. Si 

SKLhk nW?tmi<r&ts:< b i> 1 SELh. &l>#t L oftgjg 1 1 <^g««#fc:^9 t><^)T«^< , «i.tf H 

<«Mgfc s i t zv-Ttz>t. mMftrntonmn 40 v v. mtB^m&tWdtomt* 

lxio»/ciDMxio»/cm». J:'?if*L< 2c7)a^^*S 5 Z&ftlzBl&t&Zt WTZftt 

JilXlO^/cniS-lXlO^/cm 3 . JHzfft L LW 

<I15 X 1 O'VcmS-^sx 1 O'Vcm'tfti. ^ [0053] NUffflHWl 1U, SlOffigjS 

^^«E*[6j<ojS^fc:it^iffc:(8il-c& . te H E k)^o < %h X 5 fc. m 1 1 1 OflB»£i§& LT» 

wmt nmrttiat t K-rt**&tt. m><r>mL xfmn$mp%mi.. mm<mmz x ->x i>m% 



(11) 
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[0054J mmmu i<o*#s»i. wdned a. M^fy/, k^x**:^******' 

iifcvv*. nut* h94rr#*U:»a. m u> *>o. ymzmzBtfui-zizii. m Kit x»y 

Xt^TdliO. 5~100/znu J0#l*L<ttl f-^£ffiV>S. K?4 X y^y^Ktt, flxIf^JEtt 

*tm~5 0*tm s jgEff&L<tt2-*-2 5j*nrCfc£. •{^■yivfy/ ( R I E ) . KJEtt-f^yh'-AX-/ 

xh7-f7t7f ($l«l lOTBRS*i fy^(RiBE) . tW^nhDyi 7 fy/ 

Tvvfr»£aK>R) fcL xh^mtO&BK-r&c: (ecr) . ^^yh'-Ai^fy/Wifr'fc*). 

fc#a*L<» mmMimut5umaT. mt< ^-rti^-y^yyTtfx^ssMm-i^ttzx*) s m 

HO. l~3^nu J0ffiL<«iO. 8~2/zmT2> 10 4Bfltf^fkfcx»*>*' , l/Ce*4. flitf, *itJ«A 

£ . #$fcfciBH LfclSHPF 8-1780 3^^»a®^b 

[00 55] ±Eoi3fc. ^l^ftSKi lo^ES ^»^««oft«c«^x.yf-y^g^v^c:t**-C# 

omisii. mizmfrk&mLx^zm&comtfm ioo6oi ^i-y^x^xwa^mm-t 

*fo£mnixntm)}foizmiiz<<%z&fotf3> x^^^tf. 01 (b) fc^ctidfcimi^ 

9 . at 1 <0#gK 1 1 ±m<r>t% 2 Ogfcife^gfcJi 5 co 3fflHHNHM4 fc*f l/CGQmffiffiKBB&ftfc SrSJB 

M (39&»i»39IHf ifi) co$G{J<W5i:A,fc- jl£>ii *t X»im^-9-»t«>aM-lf^RTt £< . ft* Will 

«rv«»ti£WaTtt*ik*fr&tF4 U\ jgfcl&2 10aftft^fMl40ia»«liii3OTBg«fc:5r4J:aK: 

e>sfl»¥*fra 5^ffi*«Mffittt &s«i»]#*> off m&ztvtzimxk x^.mi (bxoxo tnaao 

iu\ 20 gs±a!tiHa5ssi5fc:aiico«fflsi i«b«-4«^. 

[ 0 0 5 6 ] m 1 misi 1 1 awn*. &tz® w&mmtfmxvm&x'hz t , dusks* 1 

m&*\.^2<nm%^im5imhixhmitfit> ttm&mzmiL^wm tw 01 < b > <o*§ 

Off* K . mWWiftaJScWSttfc&^tiS* 5 . E LOGj£;R<o*ta&»^ SM*#^fc<Ojfcg#IS 

mtHO. 01~5/im-C&0. ff*L<«0. 0 2- ^fc£T^ftWj£*j{p&ft£S>J:5fc. D3Si£Si 

3^m-Ci>0. JOffsfclXttO. 0 5~2jtzmTJ> flS±Sfclg 1 OfiM 1 1 *«MfcU D0^M9^>^^ 

6. d«Kffl"C*)Si:iKfi[<0ia*|n|(0efilS-SfffcHi± £>»20>SflSft¥«WWl 5 ^ 

Wit. mmn&mzi>xhv. mmim<txi>\:y 30 iwft**»tTft4. 

*-a^iwtr wusr* mmumv^i [ 0 0 6 1 ] *>t. hi ( b > o^oihcko^k, ^ 

t\ aiw?iB2cosfl:!8»^«ci5*»-{jigis^ad^ ^ms^m^miz^xwFiz^. pggK&re 
ti?x'%®m<o&2(om]mmm 5 it. ttcni£3*i&»ap. 5 0 o*yyx y u-Aja 

-t. ff£L<{i0. 5~5jumgjgT*>&. POSoaSS 

[0057] #(C, 0 (b) fcjjrTiofc. 3S1C0IS tf-hEgH-Cfc&i:. ELOGj££*S£5£U 82<9M 

£*»t % mmtmtmm. 1 <zeaa»x»t. ckoih aa?**! 5o$mtfmmvuz% o«n. ma** h 

k fls_tst:gs 1 toftais 1 1 tfBj&t&m&tz yjrttnjmkt-t&ms. xv3^r<nm.t ix % 

^xmmth. mm asu^u^Mitwam^i^^com 1 <o» 

[ 0 0 5 8 ] m 1 co§fcBtfmttJ!4 fciHflco^R^g mora ^a-c*> 0 . pimnas : ) <rmt. & 

vz-ffiktLxit. m<nwm*m&m4*~t&mi m izmfcztiK^w. 2~~5umxhh. 

m<zttfX'%&wzxhix\i\vfix0)mxt>£ [00621 &\<?)&m.i 1 au±^iz 

< . miliary?, ^sy&mfux. m mm&nmt lxm, Efl^Mt6M* < i7fy 

L<*iXy^^X'ftS. x^^->^tiO. Sll<0g 7X'b&*3>£t?Ai/>yX'bh%&tX\ f^MWs 

ait. y*h»v7?y<-miz}mm«<?>mi<o wmm4±£mmtmmm. &>±£U5?x 

vxfw-y&m^x. xYv4T&. s&bw&o hmmtfLL'w-y&ti&im^ miix&miz 

?* hvxttftmi. ^MV-yHllflM: Kl^flillUjBiKlibtt. 1 

1*^1*14 tMUxyfym^tfc J: OSM x^^y^Svl tTIH10cOJg«^)St &. ^V^TIHl 

•es s . v>:mrd*§stt. wxtf. x h flSr^L^ i omftmmm* ju om i <7> 



( 

2 1 

U CF i to 2 tfxi,zXZ>} i 74*v+y7lzX r ). % 

hxmxmxsmkn,^^. hi <t>) tza<txo 
izm i mmm 1 1 ^mjsaifc a*±a<3Bft? & . 
zoxomtfttht. mumi (b) m<o 

mmmzttzx otcvrntztox^z. zzxw%& 
suzmiommi im&ttmnz. oauoogi 

£m&immm*B& lx t x 
[0063] r^r ^y^TtHfl^^-rs^. 
m i (Dwmftm&m* zimfrhyj ^vy ■ v-x 
mnmwwmm4izwat:BiiLL. torn. %<r> 
±x-mmrmLL. cF^oj^xtctsK^x-y 

[0064] w&oaui&t {m&nuzmi8.znm 

mi,zi>mBflzmi8.Zix&<r)X\ V^Jxy+yytzx*) 

pg^ffi<oBasi*m*i8!* LTwatefSiij-ri. ztn 
xz&mmxb*). R-o\m&mzmi?z &mmiz-$- 
zztrnttw tti. mi<o»aisi i commit 

SB2<Dg<(MJ»¥3lttE 5tf®1jftlzj8ML%^£ o fcp 

t th&±mm i <d«sk 1 1 comtfmz^x i> X 

[0065] 01 (b) 0)&&<r)ELOG&&iZ£Z>m 

mmi lcvBtfLztix^K^mtiiztix^&immm 
&hm2ffMfcwmm5imKm®M:iizx oaai 
zwtoktt. *LximLx^hm3mwfrt>r&&Ltz 

mdioiz®£i,%i><t>fSHk*mv. mi^m^i 
ltixmimizfmt&t. minmmi i±£ 
vumtMix. mimwmiitmiK hi 
( b > iZTFrrx o %m2<?)mwmmm 5 asMzit 

VLmmmmfa<o&3: t ^izmmzmth 
x\ m-xmzmi-m&tfimi. m2vm.wm 

[0 0 6 6] iKC. HI (c) tzj^tXoiz. 

immm4 mmtuzwthnihui&coKizm 1 
commi im&ztiz&&iz^xmwt&. zo 

ate, y<ii'>?x\&*v*>?izx')mis&ix. m 
moBvu>±mtftmx$>h. 
[0067] hi (c) iz^txo^miffmitm- 
®m4<m%mm tmimtfjiLm%&mt txs 
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mzti. au±mui. mi<mmf&i ltfm&ztia 
®±&fr^<omimm#<vf8Mzmix»z>. z<n 
x o%mx&i2<omitmmi*m 5 zss.%2it& t . 
f&mmizti. \mmtimimtfrt>!&.%tfm 
ht^thtih. u>u $.&thi,z®.\\ miwrn* 
bmtotm&Ltemitwmmzx OGflswg&a^is 
*fo\z&&zm>iMM^tocom:imt>ix&. * 
<m%. m\<^mski \±jizm)i^z^MiLmm. 
w&i ltmdau. imm®frt>mxftizi8.%zmtti3 
10 itimmymfrzh *). hi ( c > fc^-r x o^m 
mm2nm{twmm5iffit>ti&. #&*u>gi2 

izm^tih, 

[0068] hi (c> iztfctwugMizmicomm 

ifi. w&m&x<r>im\zftLx®.%znhXoizwm.L 
xwfS&tix^h. mttmmi (cxnMaomtt 
tx\i. l< linassfijM^m 1 <rmm&mvm4 
20 wfflnaojis [Hi ( c ) <od] t. Daa^gsnajoia 

[HI (c ) <Dw] £m&LXBflLZtlX%hl>(0. X 

¥mm4cr>\uffim®<7>%z (<d fcoo^oigpa^g 

(w) w/d*«. 0<w/d^5 t 

L<li0<w/dg3. ftt,#*L<«0<w/dSl 
Z7P?XdlzVmiXBi&ZtiX^&t. fcm&kfk 

w,zn>hu-)vx%?ti\ <^.^wmwm4ffmsm 
m*t><otfL&zx')im?z. mi&imfrt>crMm* 

[ 0 0 6 9 ] »«3*l^iaA<Dfl&±SBfcJf&££ 

^smicotRaisi 1 crm®mcF>mte. mzm&ix 
=5:v^ jjaw/d^pg^tDnxTiet. gja 

^t«l£LT i> X < % m L < tiX h 5>f yjmnxh 

1 o~20xtm. ^h5>f run (laas^paj) 5-2 

[0070] <Kfc. HI (d) iZTttXoiz. mi<m 
fl 1 3 SrffiJj£tl,<D*-eSi 1 <^ii 1 1 £«&£L&^ 
^•fcov^TStW-S .HI ( d ) com 1 <0Dflfl 1 3<0 
^O^&fc LTIi, JJgcoB 1(b). ( c ) OCPO 

T'J)S. fiL. HI ( d ) <7)^.i«RMiSiSr)B^LT=5: 
T> ^-^y^izXmKmihl 35r^fiE^I»^ 

50 7 * h y y /77 -r -tmiztmm*cr>&vico'?A? 
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vx; ami. wjx hrt?->£m i vmfomm. mtfL%x'\t$k&.co&mw8iztiiz< aasesa 

*«4KjgiKLTxyf->^5c:fcfc«j: om-ci* mzm&wz'iimmLmwz&m-hnxikmfc 

t. *LT. x.y^^UTDflflSrmatC £Sg|5±g|J if SrW*J$^ffi|6lA*i>S. flS±gUO®2 
<97* hvX:?#B!f£3*u SfSlMl 13<0*£gll 5 t>«<a#<£«$*iS. ikfcHl (d) 

<0^M?^ftB4te^j£-tl>C:itf-C#S. ^ DaS^±a5tttlJt^i:^Ea}{> { l.'^»^l^rV^ O 

4 v^^-Cff xy+y?(r>i§r&<?>£ o£7* ®±.mziig& ( milf£itW¥-Btm&. 1 0)&m&. 

hvx?*m\>^:WX\ IMffll ( b ) ^fcHtHKEJ ^R^fr^>«^)^) {c i oT{±^>#J6fcgfit 

[ o o 7 1 ] »i oiHfl 1 3<7mmt. wzw&zti io 7>f rzmm-h z\ t im^mt^xt^z lw t>& 

"f . ±1B01 ( b > * < c ) fc^at. ^y^A&g Ui. HI ( d ) "CWE LOGjfcg£gi2Mft!|il¥#fls 

x h TBISt. K y ME£<0©##* Jf 5±fcBtffTV\ *coi§^ ® l coSfl:%^|*:«4 

tf^fu mmmwcmtimm:*i8&z<mm: ±m&2tix\m±mzita®imz>£oizm2<?>m 

tem-tzotzxhu 7&#x-*>zz\tm* lw itmmm 5±£wami£t&zbmiiL(o®8<7> 

af&jL&comtummnm&t. ftizmzzti [0074J a*:. 01 (a) % <b> . < c > oel 

t i>\mftx<r^m&i%tf9mz oG«^<o^t,, m2com.{m>¥mm5±.tzmvE 

ji 5ifiw&m6&fr$>imjfaiiZf83kLtL t,<ot i 5 iz m&mmmmmt lxm. m2<r>mimm# 
§mztix^zz\tm*i\>\ sf3i<9nofli3oj£R 20 as^atcsE^aA^tiTv^^i. tooa-. w 
£xhy47Vtt-r&m&. xYy^r<mm.tLx. mico&mmi Kmf&ztix^^m&iMo 

mtttxhvj-rm (ti%±ucvm) z i~2o*tnu $mm. \zmftthtm.mwm<r>&mz lw z\<n 

#2L<ttl~l 0,unu XV=74-mU (\mmSH<0 Jo&ELOGjfcilOtiOilUi. 2@UUifi : -?TkJ: 

m) 5:1 0-40 /zm, MKIJl 5-3 5 jumOt, V>. E LOG^^OjgLTfTO £ fcti 

$-*LTV^ t . KftCDffi«fcffi#®£&#fc:i-&;iL-e [0075] 81 Olgfcfc WC . 82^-ftft^flc 

mt\.\ mz. ±ssmxt>z>t. m5i^^-t humttxa. tfcms&tv*v&* 

<ryj?%\m&m&)>viwmxY ! 7'iri:Bmh movpe (««^s»f8js^) % hvpe (-m y 

Eft. imcofybmimix. SrXk&<ryJr%^fflt ¥9MO(Mm) . MBE (^Sxe^df-S/- 

fc*aaM-*j:afc«iw-4«>(c*F*u». 30 a) . mocvd (mw&miuzfmf&m) rn.it 

[oo72] w&mnm^&m-zm2<?>m!mm wmm$Mz-£&<oiztot>tix^&-kx<7>mizm 

m5<rmt*z<Th£\i. mmmz&K u mxz&. m i\,*f8.mmk ixa. if^o/im 

?&t&Q.<7)&mhfi:m&Z<-t&ZktfT$&. )VL%\\ Zi3mtf5 OjummTT'liHVPETIijS 

^zzttf. wst^i^^-t^nm^hhm^m 1 0 0 7 6 ] ±iem 1 wxe-m^iis^iHj^flss 

<7)fiES2r|iSih^-|»«t:»iUV^ DUaiSaHcfi. A 1 G SlA^82<0M^!Bs^««5iT-*^^S^^X 

aN«3^tB3n-cv^. xiisftw^«^«i^ ®mzmfct&ti#><?>mx.\i. Ea*^5:<. «t8i 

saj$n-cv^£ fc*«st a*:. wf$n®Mii. <m.wmi i±u&x/m l^nae, 1 3conaa5±aifc«« 

mzb<. z(D&fre 3 i>w%)gM<7)m&&m ( mmz mz. Mvm&i*<r>Mmifo£ttLxmm£mm-& 

tiz. t&mmmmtmiiihtmz. gmcomzg&nx 

[00731 01 (d)<n^.%2<r>mmmwm v*mtit> t m.Ltz<<P§g$ r )<r)fi±i>-5i&k%z>. 

5{i. mm&i3<o£ l &±&&xsm&&®fr< : >im [0077] zt:mz. mi (a) % (b), ( C >a 

*m>h#. Eja5asi!*^<o«»i6)*^<oig^i6i<ojft^ v ( d > fctjttsm 1 <mm& 1 1 ai/m 1 coma 1 3 

DflS5rta5T'ffliiii*^Jftft Lfct>0##£U T^^^f*cfflS 1 OM«*r&). < 1 - 1 0 OX 

£<Djfcg£«Kiij-f h . -E-tfstsm. mssiBo&i±giifcii£ < i o - 1 o < 01-10 ><?>v vf*ia*oM«tfr 

{4*>'«t^m^=5c<=3:6. Oa5±a5*»*>^ l*)J:00. I' -0. 7' . ff*L<«0. 1' -0. 

-th&2<mm&m#®5i^ Wifiwmt. \m so 5- wi*i6j(c^BE$^Tv^t. ^tii^f^et 
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■SoM^fiiJg&fiBS*? *ov-^«srts<ofc»* zztuz^zz tmz U\ 

u\ ife. sBio#a§ii i±g?. a^i<oogfli tooso ] w^^iBj^ft^^^sM^ 

3<7)m^±mm2cmm i mi¥m5mm^it. ±s& *mtm& i m3<nmm^mm:bh tm&vM 

L\\ Ztz. ZW£ oizV -y ^ Y^nffBOL RVm4com{tWmter?b&t . Sf33tf>gft!i4#^fc 

-fb?!j¥#ftfflsi^M«cfri6jfc:fiSfc»irr5c:i:*<T io ffl^A^**. m3<Dmim^#±£m4c^m* 

&#*jMmvt<r)mwme>ti%<% r )mL\ l K mm&gzit&zttzx'jz.'oimmithzkwx' 

[0078] <Kfc\ mi<r>Xn(OELOGfm££*)m ^KOXe-CcOELOG^S-SiGPttfd^i-Clffi 

2»gfl:!Bj^ftB5i&j£^3-fr|.^»<0g^!fe*#«c U\ ZK. m5c?)Xn.mz. SS3<D^|;ft¥*Sftc<0|& 

nwh+chmimmwm. 1 nz^xwmth . * ^Hraa^mig lx . 1 £si4 ogfc 

s«i t LTtt. mzM&ztv%\,rt. &2<mwm $83 t^A^'m.wm^t^mz^.Lx 

mmsmmk. z<mj&mtzT>v ztmi&f&t \.^imnhm{m$£Xzm i Fm^Riz?*im 

&isl Avmmizx qgsmmtftf-higmtz. wm &<r)hh®mm>%m*mkx-z m?m&>fo 

u mi<Dxnxi$t>tihm2cQmtt!fa¥mim5<Dm 20 [ 0 os 1 ] «T£02~g5£jBwc. m2<?>xw>> 

&ami^i>eomt u>. gmtz. m i^m iMaamrt. %2coxmit. m2izjfrtx ot.m 

immim&i t lx. m2(omm*mm5Zf& m*m#km%&im£ 9£*#i«fflK2 iixm 

&Z-£hm±<WKWBgtf 1 0!«/c mW. «fc 00 SI££ 1 0 um/mSVJTO - 5 /im/I^SfeUiT*. M 

m&tfimmx-bzt. mm&mtm&±.£EL m (s^oxgoELOGjfcn) tjromscogfl:!^ 

oG&mz£m%Zitim2commi!m{m5<r>m ®#2 2*jmzithxmx'*>&. ±im3com.wm 

mi&m-£&<r>izmn.\ zk. mwwz^t. mw2 2^^-t^^m.i±. mox otiou 

vmm&i>fo±L. xif*ffli%z<r>m±v»&x-i>& m/mmro. 5Mm/mm±.mi<te7um 

zl\,\ zti&im&mtmtiL 1 1 lx. # z l < im /^mxr 1 u m/nnuajL x *>m l < a 5 u m/ 

^SO^m-l OOOjLnn-C*0. £*)#ZL<\±S 30 ftHGTFl . S jJim/^m^hX-hh . fmWgtflM 

0jum~5 0 0junrC&£. ^<0i d%®mTbi>k. fflSX'$>h t , ®2<OXgcOELOGjjfcgtf)|gH::. 

g^^ttss i cosawmeap'isiXL. coGmzmtzmiT* „ afci&3<3MWNSft2 2 

v—yx'ii . jmvs&F-rztix^xtxiK mwte too8 2]m2£7)istJ3v»T. gsmx.2itLx 

W^lfcnS^tt^H-T-LT^-S x^SM^* <OX oZhOT^fK , mtf. CM. Rffi. XJiAjii 

£frt>ii7y)*-TX'f>&Zt#mL\,\ 40 «k 9=3:«»»ttS«. SiC <6H. 4H, 3CSr# 

[0079] *HBflfctjv^. m.m*mim&l <m ^.ZnS.ZnO.GaAs, Si, ai^s-fbi^ 

LV^. ^Ittf^fW^^t LXlt. mL<it ZktfTZ h. Zt:. Sfie^aS«2 10)±Wi*-77 

f&2^&4<r>xmz£ *)nt>tih'j>%< t i>&30>m. >y)v^tcmi. $ e>izm l <i*xr *mwc*7 

<o^k!fij^*sr/m4^m!|?»^Hc^^&a«^ ^<=5ri». 

^s^&^w^n*. sa3ifi?ri^fc-rsiefc. 1 0 0 8 3 1 ^3co^ti8»^«c2 2 1 lt«. ^ob 

7rS*>^IS<0g^!B»^^2 5*SI^*$<xTt,. S 50 ^$n=Sr^*«, GaNJ: <)%&mttmm#mZ L 
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t . f-ts*it tin. ^3 ^^«»^(* 2 5 ze>mmmmftm&2 5 tm&* 

22V. YyY-TTh&ktHS&n&T&tLW i Bf&L. fl3±g|S£tf)*lg2<DfiMl 2£®j£U ~ 

fc. SfS2OXg-C0)ELOGj£fi«>g!fc:. lalB^l (01 <O±*^m2<0Sft!Bl¥««c2 2 5-^$^:T^*^e 

gWELOGj«^(0^fc|5iatC. pS^ESjaif/i fftffiWC&S. 02 (d) <i. ft«S«2 l±fc. & 

(Dm&wmzti. i&&<D&mxm^^mitwmi¥- g{*2 5t3i2<7)iHi!]ii4£j§&£u z(om2^wai 

m±com^$v<D2i§m&.<r)ffi±co)!sX'&* u\ m a zm&.LtM±j,z&3<r)<mm i mw2 2 

<fct>^i<o»gisi i^iomfli3S:Sdv:t<o 10 [0086] mmmfnmmm^25bLx\i. # 

■e* sjanELte* 0 . mmmmcwm-t cwsdftftv^ g a n * o&sMMj^fo&w 

#£L<Jil~5 0/*m. «k»)»*L<«2~4 0^ *fci£I?<0gft!|Jj¥gtt2 5»i. ryK-TT 

m. $^»fc»*L<l±7~2 0/zm-CAS. ±£8B<9 ^ TOftfe* K-rS*lTt»Tfc J:^**. *S.Hitt03j&!>> 

KfltTfc^t. mi<o«aisi imz&tt&Zozttf hT>Y--rtf#*u\ mm<7)mftmmft2 5«. 

•e# . &mr>m&<m®<r)&x'ft± u*. ks. &ttWfc»i#9 0 ormg~i 1 0 ot;. m l 

[0084] m2 OXniZtmX . 83 <0gfll1i»¥g<* < (i 1 0 5 0rTHa«1S2 1 _Lfcj££3fi.£ . SitO 

2 2^js^$^ig2<oieoELOGifist Lxu. mivmm^ scommmmfctz^v. mini 

mmfcZivf . Mft!ii^*<^Ste|6iOjS^St:*t 0 0 ^ V^x h n-MXt. L < <i 1 ~ 1 0 // mg 

LT. gft«^^«^^B£SarS*«(Eji3tiSJ: Jg. «kO#*L<lil~5ium^Kff-C»>S-r&^i:*« 

ittfeCtOltiXW tfttfcflfefe&fcKOELOGjfcg: 20 S*U^ ^|g(0^fl:1*l^*2 5^1SWi. ^2«0« 

*\ isit^aiJiA^ajiiLtHBaisteawmiBj^ ski 2^2^iao 1 4*m-f s**wDT«yi 

L-ta. mttmrnvi 0-77245. nio-27 -frskoT-ft 1 ). -kfeKHogwc&st. wm&L% 

5826. H10-1 19377. H10-13283 <&S. 

1. HI 1-37827. mi 1-37826. H10 [0087] ^OXgtfcwr. 02 (a) 

-146431. HI 1-1 68079. HI 1-21 J£S5i"lTV>5#. M^R21±t. SfffiSOgftW 

8 1 2 2#^<0BHMW^tESi$tiTV^E LOGJSS gft2 5 £fi£fi3-t*r£BU (^K^bflS^ft2 5 £j£ 

[0085] !g201gfcfcvvc. ELOGfifegOMfc fc. ffiaajfcgA. y 7rB£jfcg3tfT*> £\\ A-/7r 

fflcry-mfeCOBBt lXii±M<V&mifflgl,Z.aemZtl 30 Jffc l/C»i. A l N. GaN. A l GaN. I nGaN 

TV^,#. Wttf02tC^-T. m2(0»aiSl 2£fflV> ^tffflV^ft*. A'-,7rllt 900WF300T; 

S^i:. ^2<0Dflfll4$-)g«tS%&S-#»fTm2 IXhWiSJgT. BI50 . 5jum~l 0*>?Xhn-A 

4. 02O (a) ~ (d) fc. Sf52£>Xgfc:*5»tl>. S S:9 0 0X:OT^aST'^JS-fl»fc. ^»S«2 1 (eft 

8fflS2 l±fc. ^2c7>filMJgl 2Xli?g20nflfl 1 4 tTjS^$^^S>^«tfc^aaS2 1 bOWffc 

^ffl^Tff d E LOGjS^fcJ: O^^SmsoS^iBj »4^£if«LSS3<DMt»¥gfc2 2««fiW«jl«Sf< 

^*2 2^^^-||»^®r&&«5<»t)l8rig0$- ^&«|«i)fc*>* . 

. 02 (a) tt. HSa«2 l±fc. ^M<0 [0 088]m2OXgK*>V^T. ^2<0«aflgl2<0 
g^1?J^ft2 5 SrJ&HStf. d^ffl±t=»2<0«a ^K&tXD-^f X. XS2<0Dflfl 1 A<mms 

m i 2 l . & 2 mmm 1 2 z bjsl 40 a. &#av*h xnman. ±ejb 1 

m±.£%3<r)mtt.wmi*2 2 ttmintxz&mm *mtm& 1 izm^nim 1 orsk 1 1 *m 1 <oih 

Bfni0-ej>&. 02 (a) -m. M«3i«2 i±fcaa8 fli 3<?mfem. Bmxf*H xmtmmxt>i. m. 

<r&tt!mmto2 5*jfift3-£7»&4(, ^K^g^ Lmi<7)XST1imiOM^!HJ i l i ^flca4±t:^lcO« 

¥@f*2 55-^UTt J:^. Isft^)fi«^y>fc:li. gJSl 1 Xlim 1 ODQfl 1 3*»jW*Ofc»UT. ^ 

mw&mttmm&2 5m&-thz t#m u\ 0 2<oxg-eiinas«2 i±tj£^sn^sis<og^«j 

2 ( b ) ii. saa«2 i±t. ajs<os^!B»^*2 *m#®2 5±m^B^tihj^ism-i. 

5S:l£^S*. ^ WIBI^^'fkifi^fr 2 5 $: [0089] ZZX. %2eym<»E LOGJiitSti 0 

bel. mssi^a^oiisiast. m2o«^isi 2 ^ ^^n^mii^frsfiixtc. ssi^xs^elo 

bel. z0)m2ff)m&i2ZBf$.Ltzm±.e.m<?>g. Gfm&fihnhw. mi0>xn<DELOGfmtm2 

{Lwmft22tfmzitx%zmmmmmeh&. 50 ^xewELOGjfcgtii. m-xm^x^xtx 
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v>. mm. m20)jLm<7)ELOGtfLg : im2<D (b) 



[oo9 2j a*. ffffiUfcidt, m2<Dxm-cm^ 



<7>mx\ mi<oj:wmi<r) (a) numx-kim?) T>?)i>zttWtem\^t:\ioWK&L^ (H8# 

mkm2<Dxux'<?>ELOGf8,%0M$ut. &&<oim 7m%&M.t>tvr. XT ?7fmvt>t>btimmtWM 

stiw^a^^ mmt&mzitg* *)(ofo± fc&o^. Hfcxx>y7m::t77*y*op;*iro^ 

ait 1 1 jum i ^oafl 1 3 1 . m 2 ngmm 1 2 -9-7 r 4 toahcw ltsk i t 

m2<QW&14tcrmmfiAh5'(7BViT3>&&&. 10 flM«*^f77i4«l/- f^Hfggffcfirfafc-St 

1 l^l<0|MIOl3t, &2(DXnT'mj&Ztl&Ah <*9tF*U>. 

y47jm<V&2commi2*m2<r)Wai4t#. [0 09 3]HtffiU^SaS«i:LTIi. (000 

wwi«s*u R^*humm&mm&icoM 1 > micm^mt-r^yr^T. ( 1 1 2-0 ) 

*Wr|if|fc:*tLt\ H7fc^t«i5fc, 0. 1*~0. 7 ffl(AB5)S:±BDi:i"S-9-7r^T. Xli (111) fflSr 

• -rtihXoizBfl&iihZbtfmiW mioig ±fflfc^£Xt*/l^&£. ££T#ISfi«#. (00 

i:S2<0ieT<0«RaiS^i:**«±£<0j: oizmm&m 0 l ) ffi(CliO£±iIiii:-r£-9-7r>r T?$>&kZ. I? 

ttLXm7lZ7frt*d<Z-rt>ZtiX^&b. BKDXU coxY-yJTWtftf. *<r>*7T>(70> (1 12-0 ) 
•CELOGj£^J:»)^$nSSg2^M^!Bs^*a 20 MAffinfcttLTM&tt^^vvf^fco. 1' 

5<o«*ifnwj£^m»fcii3i?n. !Efl[^ia«at^ ~o. 7- ^hLxxvy^ymm^Lx^h^k 

m<?>mL<?)ffi±<?)&m * lw »7 *o [Sfcw^ftoeiiHK 1 - 1 oo>[MWjM»t> 

[0090] 9ftfltt*fl^l*ffi£f-£GaN£a * ~0. 7* ^^LTXh^-f TJ-Jftfcti. £ fc ] 

^^-CfcSOT. #f§i#^fc&S3a<9M«tfr 4L<. 4fc. *77>*OI^>:*:7ft0 (08t^-T 

|6j«0^-TitO*|6li&^fctT^l»IS-exh5-fr 0) tJ#4L<«0. 1*~0. 5* . J9#£L<ti 

Emotfcgffit&fc'fcE&SLTt. Httoissa^fetis o. i* ~o. 2- x-hh. 

tm&tWfrkWU&tiA. L*»U IHBfcffoTS* [0094] 4fc (112-0) ffi(Affi)£±jiifci-& 

-vMWjfaz&mkLx. jmaxafcarcaxsfc 30 mmt^<r>^-yr4r<D(ii-02)m{Rm<iznL 

X'®mmmm:Z*: mfth k . m 1 OlgOE LO TMPMSfrfc-UEAlflSfltei: HUMcf 6 l/CX h 5 

G^*<sia : t=3:0«(aofiji$n^m2<7)gfl:!ii»^ 4 yimf&iiLx^&z km* t< . 4* ( 1 1 1 ) 

7*-nx'-»i x M$jfcf|#*Ki:<:5r9iJ4 U\ 4 TftMftttOX&M'a ( l l o ) ffifc*tLT±IE-fr 

[009 1]|gl^){RaKXJi^i<7)Dgfli:, SfS2tf>ft 7T^TW^fi:igaifcXh7^7-)g«Sr^tTV^C: 

wmwm2<rmaktf. mcmm&siivm-a km* u\ zztk. ®m&mmxvy4T& 

wmmm^k ixm^ti&mk ixn. mm #o%i}iz^xseftit:w. *»fcv>wr-( 

^tt««l<0gaa«2 l^£Bf£LJtffifcli. CL 7V>Affi&tmffi. XtT*/U0 ( 1 1 0 ) EfcSftffij* 

?v hm (*>) 7?m) tf&m*m#0)Mffljfo£.m izmizm-immm^b^iz-r ^xxvyA-r 

mk^hXoizt. zm^yym^W^izL. W>\<n Z&f&?hkmR*7*ai;-(D&x&iL». 

xnk m2&xn?m\>^tiimm j m{!}ZMmiTto 1 0 0 9 5 ] *%BBtt>v^-cfflv^jxspaa«2 1 1 

*^0. l'-O. 7' ■ft>Lt:Ahy4TBVikLX ^xm*m^X3ilzmMizmWt&. m6\iV7T4 

mm-h. z<o£d£Bm-&c\kiz£*). mico&m rv&im&ZiKt^-vb-kjmcbh. cbb 

Wkk&2cnfimm. &nimi<rrtmmkm2<ma. zzmk^hvyriTimw w&\i*7TATAm 

mioDafltm2cotftajs, m<rm&k&2<rmm ^m^txxhy^rmvikti^iz^xmmt 

vzti?ti&{tto^mMmfti>>t> 0 . 1 • ~ 0 . h . mm. B7 »i±MH^7 r a rm^m-mm 

7' ?t>Ltitfmk%&. 50 *>S. ^wa^7r'frCBDSr±iStL > *'Jiyf 
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ixmmmcotti^W)>iz0=o. i*~o. i- T%tixt>x^tf.T>v-y^b&ttti&ii<?>&T& 



m7iz^fX -9-7 r>f TCiB±{;:gfc!fe>¥gft£ (0100] 8S4?)^Mi»¥*£#2 3<7)®m&. 15121(1 

iX^mU^X^ML^t < . S«&#rt?tt**L <^M?j¥gft2 3W8tJIfc LTWL mzmfcZtl*^ 

iz<^mizhh. «!-5TAffitc«LT±IBOJ:dt^ &ao840XgT'^£<fciJI«^2 l£Bf* 

xh7 47<vm>m{tm&#tfc>%ii s '?xf8.&L*i- 10 &%mfo®mm£fttt>ti. x^m.mm.tiz 

mmi%frTii%\.\ wizmm* y * mt-wmt mvmt lw mm. mnm.tt%mm2 3<n^w 

%h. fltpflrlSfftLTJl. «F*L<«5 0jum~10 0 0A 

[0096] Am*±Wt-?hV7r4TW&Lt: m, J: L<te8 0xtm~5 0 O/znTCifc*. <Itf> 

fflv^*§£, mcmf:±mti-t^tmmiz. mi xoKmwmx'bit. m4ff>mitmm#23i 

Rmiz*iLxmw%m>t>h-rti>tz~?t> ttttmz. s. »^mmm&jm±x'%nt 

^iz^n^xhy^rtrmm-h^bizX*). Xhy4 [01 0 1 ] 04»3jcf idfc. &4<0XgT 

htz#>. mftv&z^mim^mtfmzitzz t 20 ^< t *>#sss«2 1 £b*lt. ^< i: t,m« 

§ h. wmt>m& 1 fc^rs . m4<?)xmxmizti&&ttt 

[0097] tteWz. AW;KMgAl!04) l/Ctt. ^S<fckJ|«^2 1*^$*i.TVtfUfJ: 

m#<n$Mmt: ( 1 1 DlffcU *»yyU* ( 1 1 &2<D®mgkl 3«**l/avcfc. SUtJ: OftSBS 

o) mt-rtt. m^mmt ( 1 1 o> MtwL-c m&xzh. «tt<itmmm2 i^3</mm 

¥mfalZf8.£L*i-^mtfi>Z>. «ot, (11 ^ft2 2*T^^2im^fc. SB40MM^ 

0 ) BSfcWLTttBrSittfrlSk L< »iJiffi^7 r >f fc2 3cOR9^!g«Ojre#£ L< . g£ftgjglL<9£ 

TeWfr&t mmizb?iMzft> LtiUfoizx h y* 7£ m<r)mimffi^hhm3nm{twm# 2 2 £Bfc* 

mm^tmm^mmtmtt?>mitwm^± 30 i-htmmtfxomtzz. &4<?>xmm 

wmmniMx-itttf^x. mitLO&M&Zfm nntihUMt. $mxnx<mft&coL%z^ so 

-ess. %&xv*Mi.m&x'f>zt:#mtzW7iiix wz%&lx, m4nm{twmw>--m*T&mkL 

vvfrv^ xi>x\>\ m4<7)m<mm&2 3i)>t>mmmi2m 

[ 0 0 9 8 ] *mxom 1 ffiJMx-m^hmsm zm&h-mt lxh. mummmoumifimf^ 

^f*a«l^jS^*l»^fctJV^T. 03£*rf i m4<0^«»^«c2 3^1<7)IgT«7) 

oiZ. »3«0Ig"C«. ±IB^2<0Xg<0ELOGj£S gfl28j¥£ftg«l fc^Si§3\ ^40^1*^*2 

fci 0»SE?<x^lB3cOSft1iJ^f*2 2 _tfc:. JfcSSt 3<7)HSg«2 l^£B^Lfcfflfctt£^)Ba±fc:35 1 

g£ 5 0 0 u m/lOTTF 1 0 u m/^HfeLh-C. ^4 OXgcOE L O G«^5rfif d . 

OMftB^fl^ 3 Sr««$1i:S. SS3<9Xg-C. ^4 [0102] ifcfc. |g 50XSSrqrtl»^(cov^ii 
<0§-(b«»¥^«c2 3$-^§-li-Sj«^a[JSIi. ±E^J: 40 Wth. 05{c5rTJ: dfc. ±EIB40XSf^ 185 

d£5 0 Oitm/fiflglJaTl 0/im/^SJ-Xh, »£ I OXStfcV^T, ^4<0gft^#«c2 3<0^S«2 

<I1100^ m/^miT 5 0u m/timihX'i) h. 1 ^2:1^* Ltttt liS«Offi±»C. dc^tg?: 5 0 0 

m4<nm.mmi*2 3^fS.^^hmBua t . ±m<m um/mswFi 0Mm/mm±x\ msemm* 

x-t>hk. m4(Dmmmi*23Z±m<?)®mtzj8.fk mm^m^h. ms^xm^^t^^t. &i<n 

m&2 30>mmtf*ti^t u\ mum% mmfrtmsvmitmm&tfrhtc*). mL<\t 

vpE*fit<mft>ti&. [oio3] ttz. %5<r>xmmh%&. msom 

[0099] m3e>xnx&giinzm4nm.mzm itmmw24*&m)izm4<r>mfowmm^ 
«c2 3tLT«. mz®&2ti%^tf. GaNH^s so mnxuxm^htihmtwmmfoi t L 
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i>x\.\ mscDxfflkiz. m4<rm.m i m^23m st. mw&ziiix^&b. mmmm<% 

(m&imm) «w:«wf4U\ &5&mm- mmix\^b j v$>K')tf*z<% t ). 7*hvvtz 

i (oxnxm^hmitwmtomx. i t -t xxh?j rtt.cwm&'mazBfctm. n^m.<r> 

v>* { . mm8o^5ooMmff)fmi^t&^bim ^otzmmLxtimtti*)t?>bzmiL\>\ 
wtm&nAxi&i lw io [oio7] ifctc. t&*mi<nmm^w<r)tfL&}i 

[01 04] *50Oft!RNHMc24;: l/Ctt. *tW8 Sfci Oft^ixS^UBJiOffifiiLhfc:. t>U XfmiB 

%%ti%\.^ ±m^A<m^wm^2 3b&m<m &Lx%&mitwmtm?iz^xmmtz>. *mi 

o£&aa»i. ±£^ i a t: 5 o o u m/mmr i o s^t«^^«aoa«Lh mtmmtom. i ±tis^ 

//m/lQHtUbT&O. l<li±Mffi4<rM{m* Ztlfi:&2(r)m.tt.Wmt*5±.) 4«5r< fct>nSg 

^2 3S-B!t^-fr6^i:HaiTj>*. Z<r>£o&m itWmft. I nGaNm^Sgfti. &tf P S 

sffis 2 1 &4<rmwtemto 2 3<r> mimmm^th^u xmmm&^tix^im 

mMizm5^m^m»2 4^Jk^ib. m4 wmft>tn>. imm^m j£-rs nsmncxmm 

'WAxw$i&mzfta.&. tt:. msnmm&m 20 -m^&zbwxzt. xim<^nmmmt 

#24&jSMZitzb£ r )&imfffo±L. ms^mit bx\t. imemm&fiznz i>cotfm? ^4. l 

^*^ft24±K±E^i<oxM$-ff3fc. m2<om.it a»u 3Wpflttc*ifcRjg«narv^ me**? 

*>\ s £ t a*c* s . 0 . tm^wmm<twmm> 

[0105] $&5<?>m{twmi*2 4commi. mtz® ismmtzx vmtLzm^£&<r>imztvt:Bk#% 

fczti-r. ^nrnftmrnm 4<?>mmtfmwib'E. msx-i>znx\ t*u xtsmcomzx oi^*>s t 
vimmzixiti&&<r>iii\±.<r)f!iX'&* u>**» at mftimz&mz-rhzbtfxz & t>o-c*>&. 

Kfe-rstft^tt^^T-rsj^^ao^^^tiiB mL\mmm*m*t>%h<r>x^tmmto<r) 

^f*24C0KJ?^fb&«l 0 0 0/imJJlT. #*U< 30 [ 0 1 0 8 ] tttmilZtoUX . L^gfc1?9¥g 

li8 0 0^mOT> iff^L<«4 0 0AmJaTt=5:6£ fl*Pfcl/Ctt, W£tfl'-ir*ffc*IVvt. &3fcfBt£ 

t^«F*L<, pKKbhmARvmemMmt* mvim^xvy^rxhh^im^m^b^ 

vamtfimzs o nm&±x-hz>zbi?#$. lw mm m i m&co&t>>t>mfi>ti&. £ u**Ffc lt 

#£<7)£SBT'J>& Hfflfl^^tmfH^WiMFi fcL 'J -y yfttW h 7*\ XIES& 1 ^IST'JBJS 

u*. zniks. mnmiwm&23<?>wmi. ± $^i»^h7>f7^«^ico»gigi lst/an^na 

mnmm<r>mfcR^m4bm5nm{kmmtocr>jm fli3oxb7>fr*(6itwtjgfi£$n. $£>t#a 

«0^#1 OOO/xmJaTfc&SJdfcl^StlS. L<tiXh5K:7»R<03il?>ffigKl lcr>fmm±M 

[0106] kiz. w^js^^atfcJtsftiox aumioiaiai 3com>±mz&tfLzti$,zbimtii 

uxm^ix&mitwmt*mzi#mfcwmi*bm *mtfo±z-£i&xi&*L\\ ^ioxs<oelog 

m-h . mmm^-t^itmm^m. 1 b ix v&mmzmibhtf. m 1 <?>mm 1 1 xssavm 

a. mm^iz&&zix£&m&m#TS>^x . ^ 1 <oduo i 3<olH^5±a5^^«c[^*^^5i:^fc'a^>i^^^< 

mi<m3^zith£o%m'(om.{twm b^m^^mmm^xtm^itkfmLm 

1 m^-ttab<om ttw&nfo&m&b . 

2<r>xubm3<r>jLWpm$&ixhimj i mi *>ti [0109] 

s . mnwfctthm.wmmm. 1 fc lx , srs [^ism] jaTc*«"»5-ii»«»Krp* snise** 

^2OXg&lflB3«IS*^#^ii«.03fc^$Ji6 SL. ISt*l£BB^ifJffltcil»»r6. L*»U*^«C1 
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[0110] *Tmi<DTMTm^t>iXhmWM : m& ^fWf23£HVPEggfcJ;9200jumtf>|gJrc 



comm^mwrn 5 ^-c*^^ss^^«c<os«^ wmm 2 2 * ?&mmz x *)mn,x&4<?)m.m 

fSjSStfSXgSr^'t. <82<9Xga^Sg4<9XSki ¥slttS2 3^nm.^mmimSL 1 *«i§&*U . ft 



(m2<Dxn) mwms.2 1 fc lt. msiz^txdiz zmttizmzi*. x\>yj y^\izmm\i.tA,ztc^ 
x^vrmz*7T>y)vzixfzcmz±mtLl *y 10 mt^^.&.^\^tim^Lx^h. m 

Tyy)Uftd=o. is-. xx>yraniij:*2 o* 4«^b!|?5^(tca2 3<ws.gffii*. ¥#m£&m&. 

y/^ho-A. x5X<SWtJj:-e8 0 0jr>^Xhn #1 x 1 O^ffl/cm^SS^LT^S. #£>#ut3i4 
l£ffl^&. 

(A*77rl) £cW7t4T««21£MOCVD<0 [0116] [gftfc¥gfc»Slc7>tmfr£2 : gfc 

RfS£&|*ifc-t>y M, S&£5 1 OCCULT. Sftfc WfcfflS 1 coftftfrifc 1 fcfcv^ 

r#xfc*jg. mmxizry^-rt tmg ( mj* t. m3<oxgmK$*i£84<9MM!j^ftji2 3 

+MfVV&) k*m\ ■*?t47WSL2 lXtCGa OM^Sr 1 5 0 m t U Kfcm4<DIgtlfc:TII855 

[0111] (SSSItf>gfl:W^tt«2 5 ) 7 r)f (SI5tf>Xg) *7 r 4 7ffl£?$£|Si!*Sft.fc3S4<0g 

Jfcgft. TMGO*jktf>t\ iaS$r 10 5 0X^TU:# mttmftM2 3c7)Jfcgffi±fc. TV K-7V>GaN*> 

10 50rfc^3t^>. JSW^fcTMG. 7^ &&685<0gfl:!|i»¥#ttJl24;K HVPEHSfci 

*-r£fflV\ T>Y-7G a N J: WhW&nmcto 0. 2 0 0/xm<7)fUrCjfcg3-£S (05) . jfc&Sg 

2 5 £ 5 m<0KWC«^$*S . Ji. 5 0 // m/tifflThh . #£*l*:354 Mfclfitf^ft 

(^2<OffiaKl 2 ) ^.^rJIiSIIgOgWNSft S2 3atfm50S-fk?!»i|^f*e24*>^^SM^fl»^ 

2 5i:££)fU:'>*-A<7). ^^Jg^gftto^tt gfc!fe¥£ft««l -2 b~th. 

25<Dl^h5'f7lW*f^?^f)St^ CV [0117] [gft!fi8^ft£«ltf>ft*#S;3 : Oft 

DSSfifc<fcDXh54:7lI18,um. Sgg^jtznKOS i HT&Bl (b) fc^3*l&gfc!fis## 
O 2 J:0^SB2<O{RgJS122:0. SjumOiiWeSJ 30 im&li)^m2comfcmm#m5£'tt)>e>%&m.{t 

yrJTAmtttLx. m7{z^^nixotzAm^m [oi i8]m{twmm&i<r>im%m2£tiu 

mmmmtzo . 35- -fhLt^^t^. z<n± x. mm<r)mm#mm2 5<r)mmi:2umtu 0 

0 mmh t . xbyjTUfoff. QmemftoM 2(b) iZ7Ftm2<7)mmzTM<?>£ a kjmu m 

mmzidixo. 35' ^Lfc*i6jt5rs. £T&tz*?ft%<m&mmzLximt&. 

[0112] (m3<mm*mm2 2)&2mm [0119] m2<7)mmi2)n®<^m*mfc 

Wk\2Z&&&^ ^x^£MOCVD«R|5g8Sfc3? Jf2 5£jfc6SL XY^Ay^y a hlXfZBfS. 

U 1 05 O^fcT. llTOtfXfcTMG. T>*-T£ U XrCy?3SBfcJ: O^h^TlSl 5um. XYy 

m\>\ ryv-7coGauiv%&mcvm.i£wm# Jyism im*owia&) 3 um^si 02 

«22£MOCVD»Cj;Dl 5um(OmmX&m 40 2<D&S§i 1 2 £ 0 . 5 jumcOlSJPT'^JSL^V^T. 

ffiU S&30gft?i»¥&ttJi2 2cojfclU££tt. R I EggfcJ: 9^^gft!H«fcJi2 5(?M* *T 

[oi 1 3] &^ix£m3nmmft®m2 2<rMw ¥m#m2 5<?>w®M&miiiZi£&. xy^a 

®2cotRgisi 2±a5^i^it^i:*^£axlia* ^ J.^»fl■f . ^WKo^Mto . 3 5 • i*A> Lfc^nsraww*. 

sa±«i8 x 1 o*ffl/c m^gjgsffl^^. [0120] wmmm^m^m 2 5 tc. nflfl^m 

s. mtzx^y ^mmizx ommtmm^L. cf ^ 

[0 114] iJct. «3^MUb¥9« OifixizX*). W&Z&ftiVtiZbtzXVm&iitvtz 
»2 2±fc. 7>H-7»GaNK^^4«Sftft 50 SfS3£7>M:8»¥«ftJB2 2<7){H}3finB<OfiSajS5:X-^ 



Stt. 5 0/im/^ff3fcL3t. 
[0115] (^4C0XS) <jCfc. m4<7)gfl:!fe^«c 



02-04 £#!SO 
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[o 1 2 1 1 a*. m30>&{tmm#®2 2<n&g& ftmm<nmmmw.®2 5£naa«2 i#ftin-r 

2 3£1 0 0/xm<9lf|jycjfcg$-»*\ S5^SHbM¥« 08iBfc&Ii!<OgMij^fc2 5£gtf};S-«i-i>. D3fl£«J 



[01 2 2] ^ft/cSM^gflSHJ^tt^SfcSfSS 2<0Mfll 4£J&£tl,. SB2OB0i!]i 1 40Xl- 
^^fc«^<Wl24a^*l>Sft1*^i^«« [02 ^Tjrifijii. B97(cvrt-J:?fc. jJ-'J^ffifcttLT 

( b ) ] <^ffi(=H x *>-»«ar«4jWiaJ|McJlfeH Sttfrtti^fflifcO .35' f *ifc*l«r«ttftt S. 
5. *t^i"l*:Sf54 cDgfc!fo¥3ifrJg 2 3 kSS5<0Mfl:!Hj 10 [0130] UBOIgfrtSSC: fcfc i 0, *4«£Hb 

¥gf*S24 k*>£&SgftB»¥SfcSr. SHUIHNIHc «s¥3Sfc«2 3 &«5«)Bfl»HNWMi24^««fl 

*Kl-3t"tft. 4ttlfl3Hlc£IU<ft&*i6. #&*i£S&5<0gfc!&j¥# 

[0123] i&im^mm.i<wmm4 ■. rn.it m24$mMt. 5x1 o*®/cm*wg.<rM.m i %. 

wmmw OTfcai ( c > (rmfczwtrz-m i>ti*i. m4v>wkmmiMi2 3<7)mmiz\i 

[0124] wamwtftm 1 <^mm3 £fcv> WEttowi wi*^ eMm*t>&xi,izB»&t 

X. 02 (c) fcS^2<0«gK5:Tffi^J:pfcm 1 x 1 O^ffl/c m*gg<0£ti#$B2tf>lHei 1 3(?>Xh 

[0125] (SS2?>«Slgl 2 ) if&cDS>ft?fel¥«tt 50Mft!fiJ^«c®*^^&^fc!K»^^. flMHfe? 

u ^t^nao: 0*1*547111 xhy [0131] imfm^mfmsiKDimfme -.mc 

4~mWi (mgira) 2jum<0S i O2J: O&SSg ft^frtf)*] M-ffc!fe^«^Rl<0fmfra5t:tJ^ 

2<9«gKl l£0. 5MmWKWTJg«t. «WC T, f&5£9IgT^50M^gf#f 24£3 0 0;a 

r 1 E^atj: 'ov-yr^TmRitfimtatiiX'mm mcofmx'f&gzit. ^<mm4amsmmwm2 3 

«^!|^l^f*«2 5^Xyf-y^LTDafl^®jiitt-S £«WLT*SU ftH^ 5 0jum«IUI?)SjS5<0Mfl: 

1 1 1 J: VfflgknMM&mKm 2 5 ofmrnffizmm wmtkm 2 a * sb 1 wxsTfflv^ns^t!fe^«c 
s-eriifcfci o^±aw)*Kse2?>ftSjgi 2*» mn fc-*6«upwc*-4. &^tvrzm5vm:wt 
&t&. mmm<um&2um?f>&. x mm24\t. wm*mm& 1 ^wrm stmm 

hyJTXfali. MUz^tXotz. *'J75BBfc:#L fc. KffiPttttSfu ft£\m±&crmmMZ. w 
TSB=Sflfc^fe*HtO. 3 5 # Wt*rtT*«. 30 ^5t^i:*J.^.<^=5:^-\ #^>tl>ia«S-Mfl:!|4|^«^« 

[01 26] 4fc, JS40g<fc!Bj¥gttJf2 3£l 50 i-6t-rs. 

ju mOBS^fcjfcS Stf, SB 5 aOftft¥*fM 2 4 £ . [0132] [flflftHFVftiEK 1 <^K^7 : gfc 

2 0 0 u m(DWm£tfL&Z-*th . JELhOIfifcll* CI k Sfcft^SftSK 1 <DttWm 1 

icjto, m4<omm^mm2 3tm5^mitmm x.m3<n&{tmmm2 2*fmziti>m^ si 

ra2 4*6&6SMftHNIfl«Kl [02 (c) ] £ tMgcrPFmi£5x 1 0"/cm3K-Tt*«4H 

#SClk#T#2>. #&*l£gM!»¥g{*g«ltf)f|ffi SltLT^4<7)^Sj^fl£Jl2 3*^^I.Sfl:!Bj^ 

(c«i x i owcm»sK«Ktt*«ji«>*it. #*>*i im&i-7*imti. 

tem4<omm^m2 3m&5comfcwmi*m [0133] [mmmzwmsLinmfims-.&ft. 

24frh%hmfcmm&z. mftwmtmsn -4 wmw>w mm^mmimrnxmitto^ 
k-r&. 40 x.&3<?>xux^4vmvmm#®2 3ZfSMi*it 

[0127] [m.mm$t*ms.i<?>imm5 -.m. hmz. sai^io^/cm^-Tthmmm 

mmwcn^ HTi^ 01(d) i3k3*l*£k*k tzLx&4<mwmmw®2 3fr$>%z&im&mt* 

m-*imz^x<o--$fficymx'hi>. masimtth. 

ioi28im{twmtmfci<wmmi3izh^ [0134] [mm^mmmi(ofmm9 •. mm 

x. 02 ( d ) iz^tm2(om{hf:rm<ox oimm- m&^th] sft^MSKWSit^ 

hmmmzLxm&h. x. m&w.2 1 m^-rm4<oj:m^h-r^ m 

[0129] (m2<r>w{hi4)nmm{mmm wmi2itti-m4<Dm{m¥mft®2 3t:m.im 

^.^gsfcio^h^^rts (€x®<r)±mz*s:z> iztt&m4nmim®m2 3£mummto& 
m sum. xh547Tm(mmb%&M>> 1 50 «i-9t-rs. 



X. R I EggfcrJ: 0 s i OiK**««iTvvfirv*a 



(*S2 4 * 2 5 0 xtmcOffiJrCjfcBS-frl, . 
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[0135] OTt. imvnbtifzmm&mftms. 
i-i~i-8^ffl^r. wtmnximstaTe) 

[01 36j imam i ] vxFizm^itwmim 
«c i « i -mhtu-zm <r>m.mmm 1 3 
*^&s>gfci»i9¥3£tta« i - i tm^xm i eoxwz 

( sb i <oig ) ±EaaflftNNtH*£K i mmxm i 

t^ftfcSM<0g"fc«»¥Sf«12 33ft»6**»ft** 
§fca«i-i±fc, fflg£lOOOX:i:U A 1 N#* 
£>5:S|gftJf 3 £ 10 0 O* bn-A<DK»-ClK 
fiStfl.. mzMtf&ttKA 1 N<9|gftJf 3±fc, Ga 

n*»/5>^s® i oimmmwmA $2u mcommxts. 
act. m4<mtt.wmi*2 3<?>mmmii: 

X a £Mttli^fl«OM«df|6ifc:if LXO. 3 5 • f 
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grown up similarly. Although the result as an example 3 with the 2nd almost same nitride semi- 
conductor layer 5 obtained is obtained, dislocation density decreases from an example 3. 
[0145] In the [example 13] example 1, the nitride semi-conductor substrate 1-9 which has the different- 
species substrate 21 obtained by the production approach 9 of the nitride semi-conductor substrate 1 in 
the nitride semi-conductor substrate used at the 1st process is used, and also the 2nd nitride semi- 
conductor layer 5 is grown up similarly, however, since it has the different-species substrate 21 and 
curvature becomes large a little from an example 1, it is based on curvature in the time of formation of 
the 1st protective coat, the case of heating of a substrate, etc. - inconvenient — it carries out, adjusting 
so that it may not be generated. The result as an example 1 with the 2nd obtained almost same nitride 
semi-conductor layer 5 is obtained. Furthermore, since it has the different-species substrate, a chip and a 
crack are prevented from an example 1 and it is good in respect of handling nature. 
[0146] Below, the example of the nitride semiconductor device which is the gestalt of the 1 operation of 
the nitride semiconductor device of this invention which comes to use the substrate of this invention 
obtained by the growth approach of the nitride semi-conductor of above-mentioned this invention is 
shown. However, this invention is not limited to this. 

[0147] from the nitride semi-conductor substrate 1-1 obtained according to the [example 14] example 1 
up to the 2nd nitride semi-conductor layer 5 — since — the following device structures are grown up in 
order on the becoming substrate. 

[0148] [(Undoping n mold contact layer) It is not illustrated by drawing 9 .] 

n mold contact layer which uses TMA (trimethylaluminum), TMG, and ammonia gas for material gas at 
1050 degrees C, and consists of aluminum0.05Ga0.95N of undoping on the substrate of a nitride semi- 
conductor is grown up by 1 -micrometer thickness. 

(n mold contact layer 72) Next, at the same temperature, TMA, TMG, and ammonia gas are used for 
material gas, silane gas (SiH4) is used for impurity gas, and n mold contact layer 72 which consists of 
aluminum0.05Ga0.95N which doped Si 3xl018-/cm3 is grown up by 3-micrometer thickness. 
[0149] (Crack prevention layer 73) Next, temperature is made into 800 degrees C, TMG, TMI 
(trimethylindium), and ammonia are used for material gas, silane gas is used for impurity gas, and the 
crack prevention layer 73 which consists of InO.08GaO.92N which doped Si 5xl018-/cm3 is grown up 
by 0. 15-micrometer thickness. 

[0150] (n mold cladding layer 74) Next, the B horizon which consists of GaN which temperature was 
made into 1050 degrees C, TMA, TMG, and ammonia were used for material gas, and the A horizon 
which consists of aluminumO. 14Ga0.86N of undoping was grown up by 25A thickness, then doped Si 
for TMA 5xl018-/cm3, using silane gas as a stop and impurity gas is grown up by 25 A thickness. And 
this actuation is repeated 160 times, respectively, an A horizon and a B horizon carry out a laminating, 
and n mold cladding layer 74 which consists of multilayers (superstructure) of the 8000A of the total 
thickness is grown up. 

[0151] (n mold guide layer 75) Next, TMG and ammonia are used for material gas at the same 
temperature, and n mold guide layer 75 which consists of GaN of undoping is grown up by 0.075- 
micrometer thickness. 

[0152] (Barrier layer 76) Next, temperature is made into 800 degrees C, TMI, TMG, and ammonia are 
used for material gas, and the barrier layer which consists of InO.01GaO.99N which doped Si 5x1018- 
/cm3 is grown up by 100A thickness, using silane gas as impurity gas. Then, the well layer which 
consists silane gas of a stop and In0.11Ga0.89N of undoping is grown up by 50A thickness. This 
actuation is repeated 3 times and the barrier layer 76 of the multiplex quantum well structure (MQW) of 
the 550A of the total thickness which carried out the laminating of the barrier layer to the last is grown 
up. 

[0153] (p mold electronic confining layer 77) Next, TMA, TMG, and ammonia are used for material gas 
at the same temperature, and p mold electronic confining layer 77 which consists of 
aluminum0.4Ga0.6N which doped Mg Ixl019-/cm3 is grown up by 100A thickness, using Cp2Mg 
(magnesium cyclopentadienyl) as impurity gas. 

[0154] (p mold guide layer 78) Next, temperature is made into 1050 degrees C, TMG and ammonia are 
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used for material gas, and p mold guide layer 78 which consists of GaN of undoping is grown up by 
, 0.075-micrometer thickness. Although this p mold guide layer 78 is grown up as undoping, by diffusion 
of Mg from p mold electronic confining layer 77, Mg concentration serves as 5xl016-/cm3, and it 
shows p mold. 

[0155] (p mold cladding layer 79) Next, the B horizon which consists of GaN which TMA, TMG, and 
ammonia were used for material gas, and the A horizon which consists of aluminumO. lGa0.9N of 
undoping was grown up by 25A thickness, then doped Mg for TMA 5xl018-/cm3 at the same 
temperature, using Cp2Mg as a stop and impurity gas is grown up by 25A thickness. And this actuation 
is repeated 100 times, respectively, an A horizon and a B horizon carry out a laminating, and p mold 
cladding layer 79 which consists of multilayers (superstructure) of the 5000A of the total thickness is 
grown up. 

[0156] (p mold contact layer 80) Next, TMG and ammonia are used for material gas at the same 
temperature, and p mold contact layer 80 which consists of GaN which doped Mg Ixl020-/cm3 is 
grown up by 150A thickness, using Cp2Mg as impurity gas. 

[0157] Annealing is performed for a wafer at 700 degrees C among nitrogen-gas-atmosphere mind after 
reaction termination and in a reaction container, and p type layer is further formed into low resistance. A 
wafer is picked out from a reaction container after annealing, the protective coat which consists of Si02 
is formed in the front face of the p side contact layer of the maximum upper layer, and it etches by SiCl4 
gas using RIE (reactive ion etching), and as shown in drawing 10 , the front face of the n side contact 
layer 2 which should form n electrode is exposed. Next, mostly, as shown in drawing 10 (a), after 
forming the 1st protective coat 61 of the p side contact layer 80 of the maximum upper layer which 
consists of an Si oxide (mainly Si02) by 0.5 -micrometer thickness with PVD equipment, the mask of a 
predetermined configuration is covered on the 1st protective coat 61, and the 3rd protective coat 63 
which consists of a photoresist is formed in the whole surface by 1 micrometer in stripe width of face of 
1.8 micrometers, and thickness. Next, as shown in drawing 10 (b), said 1 st protective coat is etched by 
using the 3rd protective coat 63 as a mask using CF4 gas after the 3rd protective coat 63 formation and 
with RIE (reactive ion etching) equipment, and it considers as the shape of a stripe. By processing with 
an etching reagent after that and removing only a photoresist, as shown in drawing 10 (c), the 1st 
protective coat 61 with a stripe width of face of 1.8 micrometers can be formed on the p side contact 
layer 80. 

[0158] Furthermore, as shown in drawing 10 (d), after the 1st protective coat 61 formation of the shape 
of a stripe, the p side contact layer 10 and the p side cladding layer 89 are again etched using SiC14 gas 
by RIE, and the stripe of a ridge configuration with a stripe width of face of 1 .8 micrometers is formed. 
However, the stripe of a ridge configuration is the upper part of the 1st protective coat 1 1 formed when 
performing ELOG growth, as shown in drawing 9 , and it is formed so that a part for the core of the 1st 
protective coat 1 1 may be avoided. A wafer is transported to PVD equipment after ridge stripe 
formation, and as shown in drawing 10 (e), the 2nd protective coat 62 which consists of a Zr oxide 
(mainly Zr02) is continued and formed by 0.5-micrometer thickness on the p side cladding layer 79 
exposed by etching the 1st protective coat 61 top. Thus, if Zr oxide is formed, in order to take the 
insulation of a p-n side, stability of the transverse mode can be aimed at and it is desirable. Next, as it is 
immersed in fluoric acid and a wafer is shown in drawing 10 (f), the 1st protective coat 61 is removed 
by the lift-off method. 

[0159] Next, as shown in drawing 10 (g), the p electrode 20 which consists of nickel/Au is formed in the 
front face of the p side contact layer which the 1st protective coat 61 on the p side contact layer 80 was 
removed, and was exposed. However, as stripe width of face of 100 micrometers, the p electrode 20 is 
gone across and formed on the 2nd protective coat 62, as shown in this drawing. The n electrode 21 
which consists of Ti/aluminum is formed in the front face of the n side contact layer 72 exposed as 
shown in drawing 9 in a direction parallel to a stripe after the 2nd protective coat 62 formation. 
[0160] Cleavage of the wafer which formed n electrode and p electrode as mentioned above is carried 
out to the shape of a bar from a substrate side in a direction perpendicular to a stripe-like electrode, and 
a resonator is produced to a cleavage plane (the 1 1 to 00th page, the field equivalent to the side face of a 
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hexagonal prism-like crystal = Mth page). The dielectric multilayers which consist of Si02 and Ti02 
. are formed in a resonator side, and, finally it considers as a laser component as cut a bar and shown in 
drawing 9 in a direction parallel to p electrode. The obtained laser component was installed in the heat 
sink, wire bonding of each electrode was carried out, and laser oscillation was tried at the room 
temperature. Consequently, in 50 degrees C, with the output of 5mW, continuous oscillation with an 
oscillation wavelength of 400nm is checked, and the life of 1000 hours or more is shown. Furthermore, 
the variation in the component property of the component which a chip and a crack are prevented in case 
the time of formation of device structure and a resonance side are formed by cleavage, a good resonance 
side is acquired, and is obtained from the nitride semi-conductor substrate of the still more nearly same 
this invention decreases, and the yield improves. 

[0161] The component shown in drawing 1 1 is produced using the 2nd nitride semi-conductor layer 5 
which grew using the nitride semi-conductor substrate 1-8 with which the 4th nitride semi-conductor 
layer 23 obtained by the production approach 8 of the nitride semi-conductor substrate 1 obtained in the 
example 9 as a substrate of a nitride semi-conductor comes to dope Si in the [example 15] example 7. 
Drawing 1 1 is the type section Fig. showing the structure of the laser component of the gestalt of the 1 
operation which comes to use the substrate of the nitride semi-conductor obtained by the growth 
approach of this invention. 

[0162] The following component structure is grown up on the 2nd nitride semi-conductor layer 5. 
[0163] (n side cladding layer 43) Next, it considers as the superstructure of the 0.4 micrometers of the 
total thickness which comes by turns to carry out the 100-layer laminating of the 1st layer which 
consists of n mold aluminumO.2GaO.8N which doped Si Ixl019-/cm3, 20A, and the 2nd layer which 
consists of GaN of undoping (undope), and the 20A. 

[0164] (n side lightguide layer 44) Then, n mold lightguide layer 44 which consists of an n mold GaN 
which doped Si Ixl017-/cm3 is grown up by 0.1 -micrometer thickness. 

[0165] (Barrier layer 45) Next, the barrier layer 45 of the multiplex quantum well structure (MQW) of 
the 175 A of the total thickness which comes by turns to carry out the laminating of the well layer which 
consists Si of In0.2Ga0.8N of Ixl017-/cm3 dope, 25A, and the barrier layer which consists Si of 
InO.01GaO.95N of Ixl017-/cm3 dope, and the 50A is grown up. 

[0166] (p side cap layer 46) Next, the p side cap layer 46 which bandgap energy becomes from p mold 
aluminum0.3Ga0.9N larger [ than the p side lightguide layer 47 ] and larger which doped Mg 1x1020- 
/cm3 than a barrier layer 45 is grown up by 300A thickness. 

[0167] (p side lightguide layer 47) Next, the p side lightguide layer 47 which bandgap energy becomes 
from the p mold GaN smaller than the p side cap layer 46 which doped Mg 1x101 8-/cm3 is grown up by 
0. 1 -micrometer thickness. 

[0168] (p side cladding layer 48) Next, the p side cladding layer 48 which consists of a superlattice layer 
of the 0.4 micrometers of the total thickness which comes by turns to carry out the laminating of the 1st 
layer which consists of p mold aluminum0.2Ga0.8N which doped Mg Ixl020-/cm3, 20A, and the 2nd 
layer which consists of a p mold GaN which doped Mg Ixl020-/cm3, and the 20A is formed. 
[0169] (p side contact layer 49) The p side contact layer 49 which finally consists of a p mold GaN 
which doped Mg 2xl020-/cm3 is grown up by 150A thickness. 

[0170] Annealing is performed for a wafer at 700 degrees C among nitrogen-gas-atmosphere mind after 
reaction termination and in a reaction container, and p type layer is further formed into low resistance. 
As a wafer is picked out from a reaction container after annealing and it is shown in drawing 1 1 , p mold 
contact layer 49 and p mold cladding layer 48 of the maximum upper layer are etched with an RIE 
system, it considers as the ridge configuration which has stripe width of face of 4 micrometers, and the p 
electrode 51 which consists of nickel/Au all over a ridge front face is formed. 
[0171] Next, as shown in drawing 1 1 , the insulator layer 50 which consists of Si02 is formed in the 
front face of the p side cladding layer 48 except the p electrode 51, and the contact layer 49, and p pad 
electrode 52 electrically connected with the p electrode 51 through this insulator layer 50 is formed. 
[0172] The n electrode 53 which consists of Ti/aluminum is formed by 0.5-micrometer thickness after p 
lateral electrode formation all over the front face of the field which does not have the component 
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structure of the nitride semi-conductor substrate 1-8, and the thin film which becomes metallization with 
« a heat sink from Au/Sn is formed on it. 

[0173] Then, a scribe is carried out from n electrode side 53, cleavage of the 2nd nitride semi-conductor 
layer 5 is carried out by the Mth page (1 1-00, field equivalent to the side face of the hexagonal prism of 
drawing 6 ) of the 2nd nitride semi-conductor layer 3, and a resonance side is produced. The dielectric 
multilayers which become both resonance sides or either from Si02 and Ti02 were formed, and finally, 
it is a direction parallel to p electrode, and the bar was cut and it considered as the laser chip. Next, when 
a chip is installed in a heat sink by face up (condition which the substrate and the heat sink countered), 
wire bonding of the p pad electrode 52 is carried out and laser oscillation is tried at a room temperature, 
in a room temperature, continuous oscillation is checked and a good life property is shown. 
Furthermore, the yield becomes good. 

[0174] In the [example 16] example 14, the same component structure is grown up into the 2nd nitride 
semi-conductor layer 5 which grows in an example 2 - an example 8, an example 10 - the example 13 
with an example 14 as a substrate of a nitride semi-conductor, and also a laser component is produced 
similarly. A life property is good almost like [ various kinds of obtained laser components ] an example 
14, there is little variation in a component property, when forming the time of formation of device 
structure, and a resonance side by cleavage further, a chip and a crack are prevented and the yield 
becomes good. However, in the case of the component which comes to use the nitride semi-conductor 
substrate 1-9 which has the different-species substrate 21, after removing the different-species substrate 
21 before carrying out cleavage, it carries out. 
[0175] 

[Effect of the Invention] When a nitride semi-conductor is used as a substrate, in order that the growth 
approach of the nitride semi-conductor of this invention may raise more the dependability for utilization 
of the component which comes to form device structure on this substrate, the nitride semi-conductor 
which can serve as a substrate of device structure the further improvement in a life property and whose 
improvement in the yield at the time of mass-producing are attained can be obtained. Furthermore, this 
invention can use as a substrate the nitride semi-conductor obtained by the growth approach of the 
nitride semi-conductor of this invention, and can offer a nitride semiconductor device with good 
component properties, such as a life property . 



[Translation done.] 
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